Purpose -This study aims to evaluate the link between climate/weather change and farmer migration in Bihar, India. The influence of cognitive conditions and climate-related stress on farmer migration decisions and the socioeconomic characteristics of migrating and non-migrating farm households are analysed. The focus is the role of migration in access to climate and agricultural extension services and the contribution of migration to enhanced farmer coping capacity.
Introduction
Human displacement in response to environmental shocks is not a new phenomenon. Hippocrates and Aristotle believed that the characteristics of the natural environment determined the human habitability of a region and, in turn, the characteristics of its inhabitants (Livingstone, 2000) . Large disparities in income and living standards are major reasons for increased migration from rural to urban areas in developing countries such as India. Economists including Fei and Ranis (1964) , Harris and Todaro (1970) , Stark (1984) , Lucas (1997) have provided theoretical support for this hypothesis of internal migration. Fei and Ranis (1964) broadly explained that rapid internal migration is a desirable process by which surplus labour at MP L = 0[1] is withdrawn from traditional agricultural occupations to provide cheap manpower to the modern industrial state, where MP L > 0 [2] . A country will remain in a middle income trap if it fails to make the transition from labour-intensive to capital-intensive production (Kohli et al., 2011) .
Agriculture has predominantly become a climate-sensitive sector in which surplus labour (MP L = 0) has increased and emerged as a major contributing factor to internal migration to non-climate-sensitive sectors (where MP L > 0). The Harris and Todaro (1970) model of economic development explains some drivers of rural urban migration. The basic postulate of this model is that migration is based on the expected income differential between rural and urban areas rather than the wage differential alone. Lucas (1997) subsequently supported this model but added that the understanding of the factors determining the urban component other than the wage differential remains poor. De Haas (2010) also noted that: [. . .] whether migration occurs crucially depends on the skills and knowledge of migrants and conditions in the specific economic sectors where they are likely to find employment both at the origin and destination.
New Economics of Labour Migration (NELM) models conceptually differ from other models by incorporating rural risk as a factor determining migration decisions. According to this approach, the migration decision is based on important human groups such as families and households rather than the individual alone (Mincer, 1978; Stark and Levhari, 1982; Stark and Bloom, 1985; Stark and Lucas, 1988) . This model also views migration as a family strategy aimed at maximizing expected earnings and reducing the risk of consumption failure by diversifying income sources across sectors or agro-zones.
Human migration is not only a response to poverty and social deprivation but also an adaptive response to changing climate (Scheffran et al., 2012) . Extreme weather events, sea level rise and environmental degradation are major consequences of climate change. These changes are major causes of short-or long-term migration due to loss of climate-sensitive occupations and low adaptive capacity in South Asia, including India Kumar and Viswanathan, 2012; Akter, 2009, Deshingkar and Start, 2003) . Most developing countries face resource constraints in meeting the demands of high populations and thus have low adaptive capacity (Ahmed et al., 2012) . The adaptive capacity of a household is based on several factors, including financial resources, access to information, social resources, human capital and infrastructure (Barnett and Webber 2009) . Households may reduce expenditures on non-essential goods, use formal and informal credit or draw on public assistance (Gray and Mueller, 2012) . Alternatively, or in conjunction, families may send a member elsewhere to access alternative income sources for remittance to the origin household (McLeman and Smit, 2006) . In the absence of group-based mitigation activities and spatial coping strategies, migration can be an important adaptation strategy for households to adapt to climate IJCCSM 10,1 shocks. Due to uncertainty related to climate-sensitive occupations, households engage in livelihood diversification, a major coping strategy for various economic and environmental challenges (Bhatta et al., 2015b) . Remittances are the most obvious factor enhancing the capacity of households to adapt to stress (Banerjee et al., 2011) . The increase in income from diversified livelihood sources allows farmers to enhance their adaptive capacity to cope with climate risk (Cunguara et al., 2011; Tripathi, 2017, Patnaik and Das, 2017) .
Adaptation is a major policy option to avoid the dire consequences of climate change, and migration is one potential adaptation strategy (Nordas and Gleditsch, 2007; Laczko and Aghazarm, 2009; Tacoli, 2009; Scheffran et al., 2012) . As the most climate-centric economic activity, agriculture faces the greatest risk and uncertainties associated with loss of livelihood. Stojanov et al. (2016a Stojanov et al. ( , 2016b ) found that at the national level, individuals first recognize change in climatic aberrations and choose to migrate as a coping strategy. Farmers are the main performers and actors at the farm level, and therefore farmer perceptions of climate change and the socioeconomic characteristics of farm households are the main factors driving farmer migration. Although perception of climate change is a prerequisite for the individual adaptation response, socioeconomic conditions determine the vulnerability of farm households to climateinduced economic tragedy and social deprivation. Farmers opt to migrate in search of alternative livelihoods under the risk of crop failure or low crop yield due to the impact of unpredictable climate consequences. In addition to generating a certain expected income, migration provides opportunities to acquire knowledge on new techniques and farming practices to enhance agricultural income. Moreover, remittances from the host region reduce credit constraints on the adoption of adaptation strategies (Patnaik and Narayanan, 2015) , thus scaling up the adaptive capacity and resilience of the home region.
Given this theoretical background, there is a need to study the migration-climate nexus in a more context-specific manner by integrating multiple socioeconomic, political, cultural and developmental factors. Furthermore, there is a need to reveal how household characteristics influence the migration decision to develop more informed regional policies (Upadhyay et al., 2015) . This study develops an understanding of the role of migration as an adaptation strategy to cope with climate change and attempts to reframe the debate as "migration is not always the result of an individual failure to adapt effectively". The study assesses whether farmers in the study area perceive changes in climate/weather and accordingly identifies different cognitive conditions inducing the decisions of farmer to migrate for the Kharif or Rabi season. Furthermore, the socioeconomic conditions of migrating and non-migrating farm households are evaluated. The focus of this study is to evaluate the role of migration in access to climate and agricultural extension services and further assess the contribution of migration in enhancing farmer coping capacity.
The remainder of the paper is organized as follows. Section 2 briefly reviews the literature on different causes of migration, including climate-induced migration. Section 3 discusses the study area, and Section 4 describes the methodology and survey design. Section 5 presents the results and discussion of farmers' perceptions of climate change and their migration decisions, the role of socioeconomic characteristics in migration as an adaptation strategy, the role of migration in the choice of extension services, migration as an adaptation strategy and the adaptation strategies adopted by migrating and non-migrating farmers. Finally, Section 6 discusses the conclusions and policy implications of the study.
Literature review
Climate change is a stress factor underlying migration in climate-vulnerable regions (Warner and Afifi (2014) ; Adger et al., 2002 Adger et al., , 2015 Curtis and Schneider, 2011; Migration as adaptation strategy Bilsborrow, 2013; Henry et al., 2004; Hunter et al., 2013; Mueller et al., 2014; Stal, 2011) . Migration provides individuals with an opportunity to make non-marginal adjustments in adapting to climate change (Klaiber, 2014) , and the potential impacts of climate change on migration have long been a subject of intense interest in the policy and academic arenas (Warner, 2010; Renaud et al., 2007; Stern, 2007; Conisbee and Simms, 2003) . A baseline assumption prevalent in the literature is that individuals migrate to other locations because they failed to adapt effectively (Warner, 2010; Renaud et al., 2007; Conisbee and Simms, 2003; Adamo, 2010) . Environmental factors indirectly affect individual migration decisions by impacting economic activity, e.g. loss of agricultural productivity and increased expenditure due to increasing food prices (Porter et al., 2014) . Credit sources may be insufficient for the adoption of modern technologies for climate change mitigation and adaptation (Lybbert and Sumner, 2012) . In most South Asian countries, the probability of migrating under adverse conditions is higher among households with poor socioeconomic profiles (Etzold et al., 2014; Bhatta et al., 2015a; Bhatta et al., 2015b) . Migration-related decisions are based on vulnerability to economic, political, social and demographic factors (Stojanov, 2004; Stojanov et al., 2016a Stojanov et al., , 2016b Yi Sun et al., 2017) . Families may relocate individual members to earn income to sustain the expenditures of the family, acquire knowledge and increase capabilities to confront future shocks and stresses (de Haan et al., 2002) .
Reasons for migration
NELM (Taylor, 1999) describes migration as a potential source of capital transfer to help traditional communities move towards modern knowledge and education. For instance, agricultural extension is an important engine of knowledge innovation and development in developing countries (Rivera and Sulaiman, 2009) . Extension services are comprehensive institutional arrangements that help farmers organize themselves and links farmers to markets (Swanson, 2006) . Transfer of resources to the home region, including knowledge, remittance and migrant return, can contribute to increased awareness of the value of technical and institution sources of climate information and extension services. Remittance income directly affects the resource base, economic well-being and resilience of the home community (Adger et al., 2002) . Individual migrants scale up community capabilities to acquire sustainable livelihoods and development. In developing countries, remittance income is increasing substantially due to high rates of migration. These links between host and home communities are required to strengthen the resilience of the home community (Conway and Cohen, 1998) , increase its economic well-being (Adger et al., 2002) and provide access to resources that enrich its human, social and cultural capital (Woodruff and Zenteno, 2007, Massey et al., 1993; Taylor, 1999) . Social networks in the host region have also identified as a major factor for migration by providing support in terms of accommodation and employment opportunities (Ravuvu, 1992) .
Migration due to climate change
A broad spectrum of the literature supports links between climate change and prehistoric human settlement and migration (Huntley, 1999; Tyson et al., 2002) . In response to the loss of climate-sensitive occupations and the non-availability of climatic-insensitive occupations, communities diversify their livelihoods by intensifying agricultural and non-farm activities (McDowell and Haan, 1997) . Tschakert and Tutu (2010) further emphasized the importance of migration in coping with climate change; in particular, in South Asia, a large number of landless and marginal farmers have migrated to cope with climate variability (Bhatta and Agarwal, 2016) . The impact of climate change on human migration dynamics is particularly notable in rural areas due to a lack of adaptive capacity (Boyd and Ibarrarán, 2009; Kates, 2000) . Perception of climate change is an important precondition for individual adaptation responses, including farm-level adaptation (Bryan et al., 2009; Hassan and Nhemachena, 2008; ). At the micro-level, climate-driven migration decisions of farm households initially depend on their perception of climate change/variability, the associated risks and uncertainties of crop failure and loss of livelihood and the need for alternate income sources. A farmer's decision to migrate follows a cognitive process involving recollection of past incidents of climate extremes and current understanding of the climate based on intuition and perceptions of risks associated with climate change (Grothmann and Patt, 2005; Adger et al., 2009; Marx et al., 2007) . However, given the significant differences between personal experience and external sources of information due to climate uncertainty, farmers may place greater weight on recent climatic events (Hansen et al., 2004) . Wider gaps between climate variations anticipated by farmers and actual climate forecasts may also lead to indecisiveness (Roncoli et al., 2002; Below et al., 2010) . Changes in agricultural systems do not involve linear updating of a farmer's decision making, and therefore the manner in which farmers revise their anticipations of climate variation crucially determine adaptation decisions (Bryan et al., 2009; .
Despite the plethora of literature on climate change, adaptation and migration, gaps remain in identifying the prevailing heterogeneous influences in the home region that drive migration and how migration further enhances the migrating member's ability to acquire knowledge on farm management and extension benefits. Studies of climate-induced migration patterns among different heterogeneous groups are very limited (Bhatta et al., 2015b) . Therefore, it is pertinent to understand migration as the major source of household resilience under the scenario of climate change.
Study area
This study was conducted in three sub agro-climatic zones of the Middle Ganga Plain in the state of Bihar, India. The river Ganga divides the state into North Bihar (area of 53,300 km 2 ) and South Bihar (area of 40,900 km 2 ). North Bihar (Zones I and II) is highly flood prone, whereas South Bihar (Zone III) is drought prone (Agricultural profile of the state, BAMETI, 2017). Annual precipitation in the state varies between 990 and 1,200 mm, with major precipitation during the months of July to September. The state experiences the summer season between the months of April and June and the winter season from December to February. The hottest month is May, with a maximum temperature of 45°C, and the coldest month is January, when the temperature falls below 10°C (IMD, 2009 ). These sub agroclimatic zones have experienced the brunt of changing temporal and spatial patterns of rainfall and temperature. The state has two major cropping seasons, Kharif and Rabi [3] . The population pressure is quite high in the state, with a population density of 1,102/km 2 , in contrast to the national average of 382/km 2 (Census of India, 2011). Consistent with the high population density, resource constraints are enormous in Bihar: 42.6 per cent of the population is below the poverty line, in contrast to the national average of 26.10 per cent (Department of Agriculture, Govt. of Bihar). Approximately 89 per cent of the population resides in rural areas where agriculture and animal husbandry are the main sources of livelihood.
Internal migration is a major issue in the Indian economy due to the history of unequal growth among states. The availability of migration data in India is limited to two sources: census data collected by the Registrar General of India and survey data (employmentunemployment surveys or special migration surveys) collected by the National Sample Survey Organization (NSSO). Bihar is a major contributor to internal migration due to high Migration as adaptation strategy rates of temporary and seasonal migration (Keshri and Bhagat, 2013) . The major reason for migration is the unavailability of non-farm employment opportunities and other attributes of higher living standards. According to the 2011 census, Bihar has the second highest rural population, 11.1 per cent, after Uttar Pradesh, which has a rural population of 18.6 per cent. Bihar also ranks at the top of migrant-sending states in India. The Economic Survey of India (2016-17), which uses the new Cohort-based Migration Metric (CMM) [4] , reports that annual average inter-state labour mobility averaged 5-6 million people between 2001 and 2011 and accounted for 60 million inter-state migrants and 80 million inter-district migrants. The first-ever estimates of railway passenger traffic data for the period 2011-2016 reveal work-related migration of approximately nine million people, nearly double the figures in the 2011 Census (Economic Survey, GOI 2017). Based on the relationship between CMM scores and per capita the survey reveals that the rate of net outmigration in less developed state such as Bihar and Uttar Pradesh is high.
Different data sources have classified Bihar as one of the highest contributors to outmigration in India. The combination of natural, economic, and social circumstances forces family members to migrate. The NSSO 64th round also highlighted Bihar as a major migrant-sending state and identified work/employment and education as the major reasons for male migration and marriage as the major reason for female migration. Domestic remittances from the host region to meet household consumption expenditures are a major driver of internal migration in Bihar. Tumbe (2011) found that the dependence on domestic remittances is much higher in Bihar than the average for India and has grown since the 1990s.
Methodology 4.1 Sample selection
This study was conducted in Bihar state of India during the first half of 2015. The state of Bihar is divided into three sub-agro-climatic zones of middle Ganga plain on the basis of different hydrological, climatic, soils and agricultural attributes. The 7 districts were randomly selected out of 38 districts from the three sub-agro-climatic zones. The 72 villages from these 7 districts were selected randomly which were closer to the district headquarter and farm household have easier access to inputs, institutional farm aid and management and vice versa. The district headquarters have villages within the periphery of 10-70 kilometres (subject to size of the districts) with their institutional support and market access. From these 72 villages, 735 farm households were selected randomly. Finally, the data from 700 farm households was found complete in all aspects for the purpose of statistical analysis. This study included all land size groups, such as marginal, medium, small and large. The preliminary information on the farm household was collected from the office of Head of the village.
Questionnaire design
The self-administered structured questionnaire was discussed with the farm household to ensure consistency and collect data. If a household declined to respond, the next farm household in the same land size category was approached. The selected households were engaged in farming either on their own farms (i.e. land ownership) or others' farms (i.e. rented land). Therefore, all households qualified for consideration as farmers or farm households because they were the main on-farm actors and decision-makers. The questionnaire was designed to capture the farmers' local perceptions and observations of climate change and experiences with climate variability and extreme events over the past two decades. In addition, a mental map technique was adopted in which the famers were asked about their local perceptions of changes in climate based on their past and current experiences and observations of changes/variations in climate variables. Ethnographic studies have confirmed that individuals can correctly identify climate change over a decade or longer based on personal experience (Marin, 2010; West et al., 2003; West et al., 2008) . For example, a recent study in Burkina Faso found that farmers successfully recognized a decrease in rainfall that occurred over a 30-year period (West et al., 2008) . Furthermore, the farmers were enquired about their socioeconomic conditions, their choices and access to information about climate and new agricultural techniques (climate and agricultural extension services) and, accordingly, their choices of adaptation strategies among 11 different adaptation alternatives [5] for the Kharif and Rabi seasons separately [6] . The adaptation options attempted to capture capital-intensive, labour-intensive and knowledgeintensive techniques to facilitate the assessment of whether migration contributes to the adoption of adaptation strategies.
Data analysis
A binary logistic regression model was used to assess the role of socioeconomic characteristics. The study was based mainly on the assumption that the migration decisions of farmers are family strategies and therefore either the farmer or at least one member of the household will migrate to nearby zones or more distant cities. Furthermore, the study principally used behavioural attributes of migrating and non-migrating farmers and did not include psychological factors other than perceptions of climate stress as drivers of farmer migration. Descriptive statistics were used to reveal differences in adaptation behaviour, choice of agriculture and climate extension services and pattern of adoption of different adaptation strategies between migrating and non-migrating farmers or farm households.
Results and discussion
5.1 Perceptions of climate change and migration A farmer's experiences and perceptions of climate variability and climate extremes determine the nature of migration, i.e. temporary or permanent. For instance, farmers who are more vulnerable to climate extremes and experience continuous changes in climate patterns are more likely to permanently migrate due to continuous loss of assets (e.g. land), wealth and livelihood, whereas farmers affected by seasonal climate variations and provisional changes in climate may decide to make temporary income arrangements to fulfil livelihood requirements. Temperature and precipitation were considered as climate variables in this study. The farmers' perceptions of climate change were evaluated based on their responses (i.e. yes or no) to the question "Have you observed any long-term changes in mean temperature and rainfall levels over the last 20 years?". Of the surveyed farmers, approximately 91 and 86 per cent reported observing changes in temperature and rainfall patterns, respectively, over the past 20 years.
The decision to migrate was analysed for two cropping seasons, Kharif and Rabi, because climate conditions for ideal crop productivity and thus farm expenditures and management practices differ by farming season. Based on the farmers' responses on the perception of changes in temperature and precipitation and their choices to migrate due to crop sensitivity, four cognitive conditions of the farmers' decision were considered:
(1) perceive changes in climate and migrate; (2) perceive changes in climate but do not migrate; (3) do not perceive changes in climate and therefore do not migrate; and (4) do not perceive changes in climate yet choose to migrate. The majority of the surveyed farmers considered migration a profitable coping strategy. Perceiving climate change and migration was the dominant cognitive condition for both Kharif and Rabi in the study area. This condition is mainly driven by the rural risk factors associated with climate changes/variations in the home region. The decision to migrate is part of a household coping strategy rather than an individual decision. Farmers under the second cognitive condition, i.e. migrating despite not perceiving climate change, mainly aim to diversify and maximize their income sources. A few farmers chose not to migrate despite perceiving climate changes (the third cognitive condition), mainly because of uncertainties in the host region (e.g. guarantee of employment, costs associated with migration) and unfavourable socioeconomic conditions in the home region (e.g. household size, education, land size). The fourth cognitive condition implies that farmers are not aware of any changes in climate conditions and are either satisfied with their economic conditions in the home region, do not find migration a profitable option or lack the skill and knowledge to migrate.
Migration as adaptation strategy

Role of socioeconomic characteristics in migration as an adaptation
An understanding of the socioeconomic characteristics of farmers is important to recognize the main factors driving migration. The migration decisions of farmers are family strategies that are mainly undertaken to overcome the risk of loss of income and of social deprivation and ensure consumption smoothening. To assess the role of socioeconomic conditions in farmer migration as an adaptation, a binary logistic regression model was used with the migration decision of farmers ("1" for migration and "0" for non-migration) as a single categorical predictor. Socioeconomic variables such as age and education level of the farm household head; proportion of males in the household to total household size; proportions of other family members, i.e. proportion of females and children younger than 10 years of age; Notes: The numbers are in percentages and they may not add up to 100 due to rounding off Source: Own calculation IJCCSM 10,1 size of land; land ownership pattern (own farm land or rent); and livestock were considered as independent variables. As shown in Table II , age and education of the farm household head, male proportion, proportion of other family members, farm size and land ownership were significant factors in Rabi. The results for Kharif were similar, except farm size. Age of the farm household head was positively significant for both seasons. Farmer age is a measure of farm experience, which determines a farmer's perception, willingness to adapt and adaptation decisions. Older farmers feel a greater sense of responsibility for ensuring sustained livelihood sources for their families and therefore either migrate themselves or encourage other household members to migrate, not only to reduce dependency but also to ensure remittances to the home region. As noted earlier, the dependence on domestic remittances has increased in Bihar since the 1990s (Tumbe, 2011) . Education level positively affected the migration of farmers or household heads by increasing their capability to acquire and synthesize information on climate conditions and respond; farmers with more education are also more aware about available opportunities in the host region. Furthermore, the intra-household spill-over effect of education encourages other household members to move out of the home region as well. In the study area, a higher proportion of males in the household positively influenced the intent to migrate, as more male members ensure more earning hands and more efficient exploitation of social networks in the host region. The proportion of women and children younger than 10 years of age signifies dependency; therefore, a higher proportion positively influenced migration decisions because of the need for income to meet higher consumption requirements. Land ownership pattern was negatively significant for both seasons, implying that farmers who do not possess their own land are more likely to migrate as a result of lower net income (net agricultural income after paying land rent) that is insufficient to meet consumption requirements and other household expenditures in the home region. Farm size was negatively significant in Rabi. The larger the land size, the greater the requirement for family labour for farm management; consequently, farm households may not intend to migrate. However, farm size was not significant for Kharif.
Role of migration in extension services
The present scenario of climate change and its related risks demands regular access to new knowledge through adequate and well-timed extension services. Agricultural extension services and credit facility are the two institutional arrangements that most enable adaptation. Agricultural extension facilitates the delivery of information on seasonal climate variations and new technologies to help farmers perceive climate changes quickly and modify their agronomic practices accordingly. Migration is a major source of awareness via In the study area, farmers obtain climate-related information such as expected seasonal rainfall and temperature levels, timing of monsoon onset and predicted climate extremes such as flood and drought from climate extension sources. Agricultural extension services provide information on farm mechanization, new crop varieties, drought-tolerant crop varieties, availability of quality seeds, plant protection, soil health and market information. Climate extension sources include information from the meteorological department, local government sources, mobile (e.g. internet, telephone help lines), radio and television. Agricultural extension sources are identified as information from field officers, television, mobile, radio and television. Differences in the adoption of agriculture extension sources between migrating and non-migrating farm households during the different cropping seasons were assessed (Figures 1 and 2) .
Migrating farm households made greater use of both climate and agricultural extension services than non-migrating households in both seasons (Figures 1 and 2) . Among migrating farmers, 70-77 per cent still used radio, which is the oldest source of (Scheffran et al., 2012) . The utilization of other extension sources, such as newspapers, depends upon the education level of the farmers. Because mobile is a knowledge-based technology, migrating farmers are more efficient in utilizing these resources for agricultural management. Also, remittances from the host region improve economic well-being, which enables the purchase and utilization of televisions, mobile phones, newspapers, computers and radios in the home region. The non-migrating farmer's need for information can also be met by sharing information, knowledge, technology and skills in the migrating communities, thus improving "social learning" and the adaptive capacity of the home region.
Migration as an adaptation strategy or source of adaptation strategy
This section examines how migration enhances a farmer's adaptive capacity and enables the adoption of other adaptation strategies. In all, 11 different adaptation strategies (including migration) were identified as the most suitable farm management practice, farm technology and farm financial management alternatives: planting different crop varieties, changing land under cultivation, increasing/decreasing irrigation, adopting soil conservation techniques, adopting water conservation techniques, crop insurance, migration, switching from farm to non-farm activities, leasing land, planting horticulture and planting vegetables. Farmers expressed their choices of adaptation strategies in accordance with their perceptions of changes/variations in temperature and rainfall and their own farming practices separately for Kharif and Rabi. Although these strategies may be profit-driven instead of climate-driven, their choices of strategies were assumed to be driven by climatic factors as reported by farmers themselves (Maddison, 2006; Nhemachena and Hassan, 2007) . To examine the farmers' choices of adaptation strategies, the adaptation level was developed based on the number of adaptation strategies adopted . The number of adaptation strategies reported by the farmers ranged from a minimum of 0 (no adaptation considered) to 11 (maximum number of adaptation strategies used by any farmer). The average number of adaptation strategies adopted by farmers in Kharif for perceived changes in temperature and rainfall was approximately four for both. In Rabi, the average was approximately five for both perceived changes in temperature and rainfall. Based on these averages, four adaptation scores were identified: no adaptation (0), low adaptation level (1-3 adaptation strategies), medium adaptation level (4-6 adaptation strategies) and high adaptation level (7-11 adaptation strategies). The farmers reported their choices of adaptation strategies separately for perceptions of temperature and rainfall and for Rabi and Kharif. Therefore, the choices of adaptation strategies were not mutually exclusive as farmers could decide to make several changes at the farm level simultaneously (e.g. farmers may change crop varieties, irrigation and insurance simultaneously due to flood risks or shortage of rainfall in Kharif).
Adaptive capacity is the property of a system to adjust its characteristics or behaviour to expand its coping range under existing climate variability or future climate conditions (Brooks and Adger, 2005) . Accordingly, this study assumes that farmers with a higher adaptation level (coping range) have higher adaptive capacity. Adaptive capacity also demonstrates individual capacity to moderate the impacts of climate change at the farm Migration as adaptation strategy level as finely determined by the skill, education and personal ability of the farmer (Tarleton and Ramsey, 2008) . Table III presents the results for the importance of migration in enhancing a farmer's adaptation level (adaptive capacity) by cropping season in the study area. Among the 700 farmers surveyed, 138 (20 per cent) and 136 (19 per cent) did not adapt to changes in temperature and rainfall, respectively, in Kharif; in Rabi, 74 (11 per cent) farmers did not adapt to changes in both. Among the surveyed households, 60-62 per cent and 64-67 per cent adapted migration as an adaptation strategy in Kharif and Rabi, respectively. More farm households chose to migrate in Rabi than in Kharif, which is more labour-intensive and requires numerous farming activities. Due to the lack of adequate work for all members of the household in Rabi, some chose to migrate. According to Viswanathan and Kumar (2015) , out-migration from one state to another in India is more sensitive to changes in rice yield (a Kharif crop) than wheat yield (a Rabi crop). This discrepancy with the results of the present study is mainly attributable to differences in scale and the type of data used to assess migration. Viswanathan and Kumar (2015) focused on state-level migration in India using actual weather, crop yield and per-capita net state domestic product. By contrast, the present study is a micro-level evaluation of migration as an adaptation strategy and mainly uses uncertain and unpredictable behavioural attributes of farmers. In Kharif, for changes in temperature and rainfall, 204 (29 per cent) respondents had a low level of adaptation, 279 (40 per cent) farmers had a medium adaptation level, and only 81 (12 per cent) had a high level of adaptation. Similarly, for Rabi, for changes in temperature, 171 (24 per cent) respondents had a low level of adaptation, 306 (44 per cent) had a medium adaptation level, and only 149 (21 per cent) had a high level of adaptation; for rainfall changes, 174 (25 per cent) had a low level of adaptation level, 305 (44 per cent) had a medium adaptation level, and only 147 (21 per cent) had a high level of adaptation. Thus, in the study area, a medium level of adaptation was most prevalent, and farmers mostly adopted four to six different adaptation strategies in a season in response to changes in temperature or rainfall.
In Kharif, among the 700 surveyed farmers, 437 (62 per cent) and 418 (60 per cent) opted for migration due to changes in temperature and rainfall, respectively. In Rabi, 450 (64 per cent) farmers and 471 (67 per cent) farmers chose to migrate due to changes in temperature and precipitation, respectively. The importance of migration in enhancing a farmer's adaptation level (adaptive capacity) by cropping season in the study area was examined by evaluating the proportion of migrating farmers to total adapting households at each level of These results indicate that migrating households have a higher adaptation capacity as they are able to adopt more adaptation strategies due to support from host regions in the form of remittances, knowledge, resources and networks.
5.5 Adaptation strategies adopted by migrating farm households by season in the study area To assess the importance of migration in the adoption of other available adaptation strategies in the study area, the adaptation strategies adopted by migrating and nonmigrating farm households were analysed separately for observed changes in temperature and rainfall and for Kharif and Rabi (Figure 3 ). For both Kharif and Rabi, the responses for changes in temperature and rainfall were similar: migrating households reported choosing more adaptation strategies than non- land under cultivation, and 12 per cent opted for water conservation. The most common adaptation strategies chosen by migrating and non-migrating farm households for all four scenarios were changing crop variety, changing land under cultivation, irrigation, crop insurance, soil and water conservation and planting vegetables. These adaptation strategies are knowledge-, capital-and resource-intensive in nature, and therefore migrating farm households has a comparative advantage over non-migrating farm households. Migrating farm households benefitted from the remittances and knowledge they gained from the host region. Migrant farmers gained knowledge about crop varieties, new methods of irrigation and soil and water conservation techniques from the migrant network in the host region. Migrating farmers were more informed about new government initiatives for crop insurance schemes and new credit facilities and thus were able to utilize these facilities. In addition, remittances from the host region helped migrating farmers buy seeds for new crop varieties and adopt advanced farm mechanization techniques. The results indicate that remittances, knowledge and social networks from the host region directly enhance the economic conditions of migrating households and, to some extent, non-migrating households, further enhancing their ability to adapt in the home region. Thus, at the microlevel, farmer migration can be beneficial for improving adaptation, resilience and livelihood sustainability in the home region.
RABI-RAINFALL
Conclusions
Climate-induced migration has typically been considered a livelihood or survival strategy under adverse and extreme climate conditions. Although farmers clearly often resort to migration either to diversify income sources or smooth consumption, migration has a much wider role to play as an adaptation strategy. The present study evaluated the influence of climate change perception on farmer migration. In addition, the contribution of migration in enhancing the adaptive capacity of farmers by scaling up their financial capabilities and knowledge of modern agricultural technology was analysed. Furthermore, the influence of migration on accessing climate and agricultural extension services was explored, and differences in adaptation strategies for the two different seasons of Kharif and Rabi were characterized to identify improved cultivation practices that are more tolerant towards climate change. This study finds that climate-induced livelihood risk is the major driver of farmer migration for both seasons. Migration is also related to economic incentives in the form of increased employment opportunities and to the value of the crop at home. For example, in Kharif, farm households choose to migrate less due to the cultivation of highvalue crops and labour intensive such as rice that require more labour for farm management. By contrast, due to a lack of adequate work in Rabi, some family members may opt to migrate. With respect to socioeconomic conditions, the age of the head of household, proportion of male members in the household and the dependency ratio enhance the sense of responsibility towards sustaining household livelihood sources and therefore positively influence farmer migration. Educated farmers are more inclined to migrate as they are acquainted with benefits and opportunities available elsewhere. Furthermore, land size has a negative influence on farmer migration. Ownership is also an important factor in migration. A large farm size and ownership of the land increase agricultural income, which can aid consumption smoothening and other needs. By comparison, marginal and smallholding farmers and farmers operating on rented land have a higher sense of insecurity and therefore higher pressure to migrate.
Compared with non-migrating households, migrating farm households admit better utilization of instruction-, knowledge-and technology-based climate and agriculture extension services such as information from meteorological divisions, agricultural field officers, mobile, newspapers and television. Migrating farm households mostly have a higher adaptation level and are more capable of adopting knowledge-, capital-and resourceintensive adaptation strategies due to the receipt of remittances from migrating household members. Non-migrating households receive positive externalities due to spillover. Overall, the analysis indicates that migrating households have a comparative advantage over nonmigrating households in terms of adaptive capacity. To further understand migration as an adaptation strategy, net revenue differences between migrating and non-migrating households should be explored.
In terms of policy perspectives, the focus should be on developing the nexus between risk reduction, development and capacity building in rural areas. The government should strive towards creating non-climate-sensitive livelihood options to diversify farm household income and enhance adaptive capacity. In addition, capacity building and training on knowledge-intensive adaptation strategies are needed in rural areas. Policies must be developed that nurture and strengthen social networks through community participation to enhance group-based adaptation approaches. Notes 1. A marginal product of labour (MP L ) equal to zero indicates that the last added unit of labour has zero productivity and that the marginal product is not equal to a subsistence level of wages. Lewis defined this level as "disguised unemployment".
2. A marginal product of labour (MP L ) greater than zero indicates that the last added unit of labour has positive productivity and that the marginal product is at least greater than the subsistence level of wages. 5. Changing crop varieties (planting different crops, drought-resistant varieties, high-yield verities, water sensitive crops, short duration varieties); changing land under cultivation (land rotation or altering the area under cultivation); increasing irrigation (increase/decrease the intensity of Migration as adaptation strategy irrigation to overcome shortage or excess of rainfall. Using tube well, water pump, etc.); adopting soil conservation strategies (for maintaining soil fertility-like zero-tilling, etc.); adopting water conservation strategies (rain water harvesting, building tanks or water reservoirs); crop insurance (insure crops to overcome crop losses due to climatic disturbances); migration (migrating to urban area to diversify their livelihood options); switching from farm to non-farm activities (changing land from farm to non-farm activities mainly in non-climate sensitive activities); leasing land for other purposes (leasing land for other non-farm activities; planting horticulture crops along with major crops (planting fruits like-mango, litchi, banana, guava etc. and nuts, seeds, herbs, sprouts, mushrooms, flowers, seaweeds and non-food crops such as grass and ornamental trees and plants); planting vegetables (Planting vegetables like potato, brinjal/ eggplant, cauliflower, cabbage, tomatoes, chili, etc.)
6. Considering the high rate of temporary and seasonal migration in Bihar (Keshri and Bhagat, 2013) , migration was considered as an option in both Rabi and Kharif separately. In this sense, work, business, and education are broadly considered as reasons for migration. Marriage and place of birth are not considered as reasons for migration because these reasons are based on social considerations (Viswanathan and Kumar, 2015) .
